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(54) Cathodes for electrochemical cells having additives 



(57) A cathode for use in an electrochemical cell 
having an anode and an electrolyte. The cathode in- 
cludes a manganese dioxide active material and an ad- 
ditive which includes at least one of SnO z , Fe 2 0 3 -TiO 2 , 



Ti0 2 (P-25), BaTi0 3 , K 2 Ti0 3 , Nb 2 O s , or SnO. The cath- 
ode of the present invention is particularly adapted for 
use in an electrochemical cell having a zinc anode and 
an alkaline electrolyte. 
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Description 

The present invention generally relates to electro- 
chemical cells including cathode additives and more 
particularly to primary alkaline electrochemical cells s 
having cathodes formed of manganese dioxide, one or 
more oxide additives, and other cathode components. 

Typical alkaline cells include: a steel cylindrical can 
having a cathode comprising manganese dioxide as the 
active material, generally formed on the interior surface io 
of the steel can; an anode comprising zinc, generally 
located in the centre of the cell; a separator film located 
b tween the anode and the cathode; and an alkaline 
electrolyte simultaneously contacting the anode, cath- 
ode, and separator. A conductive anode current collec- is 
tor is inserted into the anode active material and a seal 
assembly closes the open end of the steel can. 

A primary goal in the design of alkaline batteries is 
to increase the service performance of the cell. The 
■ service performance is the length of time taken for the 20 
cell to discharge under a given load to a specific voltage 
at which the cell is no longer useful for its intended pur- 
pose. One approach which has been taken to increase 
service performance was to increase the interior volume 
of the cell in order to increase the mount of active ma- 2s 
terials within the cell. However, the commercial external 
size of the cell is fixed, thereby limiting the ability to in- 
crease the amounts of active materials within the cell. 
In order to accommodate more active materials within 
the cell while maintaining the external size of the cell, 30 
the steel label of the conventional alkaline cell has been 
replaced with one made of thinner metalized plastic film. 
Thus, the steel can may be enlarged to provide a greater 
• internal volume. By switching to a thinner plastic film la- 
bel, the service performance of a typical alkaline cell 3S 
was "significantly increased. 

Another approach taken to increase the service per- 
formance of a cell is to provide for better utilization of 
the materials of the electrodes. This approach is taken 
in U.S. Patent No. 5,342,712, which discloses utilizing 40 
an anatase titanium dioxide as an additive to a cathode 
having manganese dioxide as the active material. 

Despite past increases in service performance, the 
need to find new ways to increase service performance 
remains the primary goal of cell designers. 45 

We have now discovered that the service perform- 
ance of alkaline cells may be improved by the addition 
of one or more specific oxide additives to the active cath- 
ode material. Thus, the present invention provides an 
electrochemical cell comprising an anode, a cathode so 
and an electrolyte, in which the cathode of the present 
invention comprises a manganese dioxide active mate- 
rial and an additive, the additive being one or more of 
Sn0 2 , Fe 2 0 3 -Ti0 2 , fumed TiQ 2 [which is preferably Ti0 2 
(P-25)], BaTi0 3 , K 2 Ti0 3 , Nb 2 O s , Al 2 0 3 , W0 3 , CoTi0 3 , ss 
SrTi0 3 , SnO, or V 2 O s . 

The cathode of the present invention is particularly 
adapted for use in ah electrochemical cell having a zinc 



anode and an alkaline electrolyte. 

In a preferred embodiment, the additive constitutes 
from 0. 1 to 1 0 weight percent of said cathode, preferably 
from 1 to 5 weight percent of said cathode and more 
preferably from 1 to 2 weight percent of said cathode. 

The invention is further illustrated by reference to 
the accompanying drawings, in which: 

Figure 1 is a cutaway perspective view of an exam- 
ple of an electrochemical cell constructed in accord- 
ance with the present invention; 

Figure. 2 is a comparative graph of the service per- 
formance of a standard alkaline cell having a cath- 
ode with no additives and electrochemical cells hav- 
ing cathodes with additives in accordance with the 
present invention; 

Figure 3 is a comparative graph of the service per- 
formance of a standard alkaline cell having a cath- 
ode with no additives and electrochemical cells hav- 
ing cathodes with additives in accordance with the 
present invention; 

Figure 4 is a comparative graph of the service per- 
formance of a standard alkaline cell having a cath- 
ode with no additives and an electrochemical cell 
having a cathode with an additive in accordance 
with the present invention; and 

Figure 5 is a comparative graph of the service per- 
formance of a standard alkaline cell having a cath- 
ode with no additives and an electrochemical cell 
having a cathode with an additive in accordance 
with the present invention. 

Figure 1 shows a cutaway view of a typical cylindri- 
cal alkaline battery 10. Alkaline battery 10 includes a 
steel can 15 having a cylindrical shape and one open 
end. A metalized, plastic film label 16 is formed about 
the exterior surface of steel can 15 except for the ends 
of steel can 15. At the closed end of steel can 15 is a 
positive cover 1 7 preferably formed of plated steel. Film 
label 16 is formed over the peripheral edge of positive 
cover 17. 

A cathode 20 preferably formed of a mixture of man- 
ganese dioxide, graphite, 45% potassium hydroxide so- 
lution, deionized water, a TEFLON™ solution, and an 
additive, is formed about the interior side surface of steel 
can 15. A separator 30, which is preferably formed of a 
non-woven fabric that prevents migration of any solid 
particles in the batteryjs disposed about the interior sur- 
face of cathode 20. An electrolyte 40 preferably formed 
of potassium hydroxide is disposed in the interior of sep- 
arator 30. An anode 50, preferably formed of zinc pow- 
der, a gelling agent and other additives, is disposed with- 
in electrolyte 40 in contact with a current collector 60, 
which may be formed, for example, of brass. 
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Current collector 60 contacts a brass rivet 70 
formed at the open end of steel can 15. A nylon seal 71 
is formed at the open end of steel can 1 5 to prevent leak- 
age of the active ingredients contained in steel can 15. 
Nylon seal 71 contacts a metal washer 72 and an inner 
cell cover 74, which is preferably formed of steel. A neg- 
ative cover 75, which is preferably formed of plated 
steel, is disposed in contact with inner cell cover 74 and 
brass rivet 70, which contacts current collector 60 
through a hole formed in nylon seal 71. Negative cover 
75 is electrically insulated from steel can 15 by nvlon 
seal 71. 

The cathode of the present invention for a D-size 
cell is preferably composed of approximately from 71 .76 
to 81.66 weight percent Mn0 2 , about 8.52 weight per- 
cent graphite, about 7.87 weight percent of an alkaline 
solution, such as a 45% KOH solution, about 0.36 
weight percent deionized water, about 1 .49 weight per- 
cent binder material, such as a TEFLON™ solution, and 
approximately from 0.1 to 10 weight percent of an addi- 
tive. More preferably, the weight percent of Mn0 2 is be- 
- tween about 76.76 and 80.76 and the weight percent of 
the additive is between 1 and 5, such that the combined 
weight percent of Mn0 2 and the additive is a constant 
of preferably approximately 81 .76. The amount of alka- 
line solution used in the cathode varies according to cell 
size as does the amount of the binder material. Prefer- 
ably, the additive is Sn0 2 , but the additive may, instead 
or as well, include one or more of SnO, BaTi0 3 , K 2 Ti0 3 , 
Al 2 0 3 , Fe 2 0 3 -Ti0 2 , filmed Ti0 2 [Ti0 2 (P-25)], W0 3 " 
SrTi0 3 , CoTi0 3 , Nb 2 O s , or V 2 O s . 

Ti0 2 (P-25) is a fumed titanium dioxide available 
-from Degussa Corporation. Unlike most forms of titani- 
um dioxide, which are produced using a precipitation 
technique, Ti0 2 (P-25) is produced by high temperature 
(> 1200°C) flame hydrolysis of TiCI 4 in the presence of 
0 2 and H 2 . From the burner, a coagulation of primary 
particles takes place during cooling which results in the 
final particle size and distribution. A series of cyclones 
separates the solid material from reaction gases. The 
product is then subjected to steam to remove HCI which 
is a by-product .from the reaction. Ti0 2 (P-25) is non- 
porous and has a particle shape that is cubic in nature 
with rounded edges. Crystallographic study of Ti0 2 (P- 
25) shows that multiphases of amorphous, anatase and 
rutile forms exist. The anatase-to-rutile ratio is between 
70:30 and 80:20. 

Thus, a preferred form of fumed Ti0 2 is a mixture 
comprising a combination- of the anatase and rutile 
forms of Ti0 2 in which the anatase-to-rutile ratio is pref- 
erably from 70:30 to 80:20. 

The cathode can be made, for example, by. the fol- 
lowing procedure: weighing out the needed materials 
and mixing the Mn0 2 , the additive, and the graphite and 
blending to obtain a homogeneous mixture. Then, the 
deionized water, the TEFLON™ solution and the KOH 
solution are mixed with the dry cathode components to 
forma homogeneous cathode mix. The cathode mixture 



is then placed in steel can 15 and moulded into an an- 
nular, cylindrical shape. 

As stated above, it has been discovered that the ad- 
dition of small amounts of the above listed additives sig- 
nificantly increases the service performance of alkaline 
electrochemical cells. The following examples illustrate 
the advantages obtained from practicing the present in- 
vention. 

™ EXAMPLE 1 

A control alkaline D-size cell was prepared as de- 
scribed above except that no additive was included in 
the cathode and the weight percentage attributed to the 
additive was provided by additional Mn0 2 . Thus the 
composition of the cathode in the control cell was ap- 
proximately 81.76 weight percent Mn0 2 , about 8 52 
weight percent graphite, about 7.87 weight percent of a 
45% aqueous solution of potassium hydroxide (KOH) 
20 about 0.36 weight percent deionized water, and about 
1.49 weight percent of a TEFLON™ binder solution A 
first experimental D-size cell having a cathode with 1 6 
weight percent Sn0 2 (in place of the corresponding 
. amount of Mn0 2 ), a second experimental D-size cell 
& having the same amount of an additive of Fe 2 0 3 -T0 2 
and a third experimental D-size cell including the same 
amount of a Ti0 2 (P-25) additive were also constructed. 
The four cells were continuously connected to a 1 0 
Ohm load and the voltages of.the cells were measured 
30 over a period of time. Figure 2 shows a graph of the time 
versus voltage discharge profiles of the four cells At a 
cutoffvoltage of 0.75 volt, the first experimental cell in- 
cluding the Sn0 2 additive exhibited a 24% increase in 
service performance over the control cell. The second 
35 experimental cell including the Fe 2 0 3 -Ti0 2 additive, and 
the third experimental cell-including the Ti0 2 (P-25) ad- 
ditive both had a 9% increase in service performance 
. over the control cell. 

40 EXAMPLE 2 



A fourth experimental D-size cell having a BaTi0 3 
additive and a fifth experimental D-size cell having a 
K 2 T0 3 additive were constructed/along with a control 
45 cell having no additive. In both cells containing addi- 
tives, the amount was 1.6 weight percent. The three 
cells were connected to a 2.2 Ohm load for one hour per 
day. Figure 3 shows the resulting time versus voltage 
discharge profiles for the three cells. For a 1 .00 volt cut- 
50 off, the fifth experimental cell with the K 2 Ti0 3 additive 
showed a 10% increase over the service performance 
of the control cell and the fourth experimental cell having 
the BaT0 3 additive exhibited an 8% increase in service 
performance over the control cell. At a 0.80 volt cutoff 
55 the fifth experimental cell having the K 2 Ti0 3 additive had 
a 1 3 % increase in service performance over the control 
cell, while the fourth experimental cell had a 10% in- 
crease in service performance over the control cell. 
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EXAMPLE 3 

A sixth experimental D-size cell having a Nb 2 O s ack 
ditive in an amount of 1 .6 weight percent, and a control 
cell having no additive were constructed and subjected 
to a 2.2 Ohm light intermittent flashlight (LIF) test, 
whereby the cells were connected to a 2.2 Ohm load tor 
tour minutes per hour for eight consecutive hours per 
day. Figure 4 shows the resulting time versus voltage 
discharge profiles for the sixth experimental cell and the 
control cell. At a 1 .00 volt cutoff, the sixth experimental 
cell showed no improvement in service performance 
over the control cell. However, at a 0.90 volt cutoff, the 
sixth experimental cell had a 7 % increase in service 
performance over the control cell. 

EXAMPLE 4 

A control alkaline AA-size cell was prepared as de- 
scribed above using the same weight percentages as 
used for the control D-size cell except no additive was 
included in the cathode and the weight percentage at- 
tributed to the additive was provided by additional 
Mn0 2 . A seventh experimental AA-size cell having a 
cathode with 1 .6 weight percent Sn0 2 and an eighth ex- 
perimental AA-size cell having the same amount of an 
additive of Ti0 2 (P-25) additive were also constructed. 
The three cells were subjected to an IEC photoflash test 
by connecting the ceils to a 1 .8 Ohm load for cycles of 
fifteen seconds ON and forty-five seconds OFF (i.e., 
each cycle equaling one minute) and the voltages of the 
cells were measured over a period of ON/OFF cycles. 
Figures shows a graph of the cycle versus voltage dis- 
charge profiles of the three cells. At a cutoff voltage of 
0.9 volt, the seventh experimental cell including the 
Sn0 2 additive exhibited a 25 % increase in service per- 
formance over the control cell. The eighth experimental 
cell including the Ti0 2 additive had a 15 % increase in 
service performance over the control cell. 

As is apparent from the above examples, significant 
increases in service performance of an alkaline electro- 
chemical cell may be obtained using additives of Sn0 2 , 
Fe 2 0 3 -Ti0 2 , Ti0 2 (P-25), BaTi0 3 , K 2 Ti0 3 , and Nb 2 O s . 
Increases in service performance have also been ob- 
tained using additives of SnO, Al 2 0 3 , W0 3 , SrTi0 3 , 
CoTi0 3 , and V 2 O s . 

Although the above examples were restricted to D 
and AA-size cells, it will be appreciated by those skilled 
in the an that the increase in service performance may 
be obtained regardless of the size of the cell. Because 
some of the above additives perform better than others 
in continuous tests while others perform better in inter- 
mittent tests, it is desirable to combine such additives to 
enhance the overall service performance of an electro- 
chemical cell for both continuous and intermittent use. 



Claims 

1. An electrochemical cell having an anode, a cath- 
ode, and an electrolyte, said cathode comprising a 

5 manganese dioxide active material and an additive, 
characterised in that the additive comprises one or 
more of SnO s Fe 2 0 3 -Ti0 2 , fumed Ti0 2 , BaTi0 3 , 
K 2 Ti0 3 , Nb 2 0 5 , Al 2 0 3 , W0 3 , CoTi0 3 , SrTi0 3 , SnO, 
and V 2 O s . 

10 

2. An electrochemical cell according to claim 1 , where- 
in said anode includes zinc and the electrolyte is an 
alkaline electrolyte. 

75 3. An electrochemical cell according to claim 1 , where- 
in said additive constitutes from 0.1 to 10 weight 
percent of said cathode. 

4. An electrochemical cell according to claim 3, in 
20 which said additive constitutes from 1 to 5 weight 

percent of said cathode. 

5. An electrochemical cell according to claim 4, in 
which said additive constitutes from 1 to 2 weight 

25 percent of said cathode. 

6. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises 
fumed Ti0 2 . 

30 

7. An electrochemical cell cell according to any one of 
claims 1 to 5, in which said additive comprises a 
combination of anatase and rutile Ti0 2 . 

35 8. An electrochemical cell according to claim 7, where- 
in said combination of anatase and rutile Ti0 2 in- 
cludes at least 20 percent rutile Tt0 2 . 

9. An electrochemical cell according to any one of 
40 claims ,1 to 5, in which said "additive comprises 

Nb 2 O s . 

10. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises SnO. 

45 

11. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises 
Sn0 2 . 

50 12. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises 
Fe 2 0 3 -Ti0 2 . 

13. An electrochemical cell according to any one of 
55 claims 1 to 5, in which said additive comprises 
BaTi0 3 . 



14. An electrochemical cell according to any one of 



7 



EP 0 747 982 A1 



claims 1 to 5, in which said additive comprises 
K 2 Ti0 3 . 

15. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises s 
Al 2 0 3 . 

16. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises W0 3 , 

10 

17. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises 
C0TIO3. 

18. An electrochemical cell according to any one of *5 
claims 1 to 5, in which said additive comprises 
SrTi0 3 . 

19. An electrochemical cell according to any one of 
claims 1 to 5, in which said additive comprises 20 

v 2 o 5 . , 
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